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Abstract

The arrival of the Next Generation Science Standards (NGSS) marks a new era in science
education. However, like all education reform, the success of NGSS implementation lies with
teachers. Effective and targeted professional development will play a key role in preparing teachers
who work from the framework. This study sought to design and validate a survey instrument
measuring elementary teachers’ perceived understanding of the NGSS framework. After
developing and modifying the initial item pool through expert review and piloting, the instrument
was administered to 167 elementary teachers from Montana, Utah, Idaho, and Wyoming. Results
from an exploratory principal components analysis yielded a five-factor model which explained
74% of the variance. Through Confirmatory Factor Analysis, the five-factor model was found to
be an acceptable fit to the hypothesized population model. The 31-item instrument holds promise
as a tool for informing professional development efforts related to teachers’ understanding of
NGSS concepts. It could be used as part of a needs assessment when planning for professional
development. Whether part of a needs assessment or a smaller scale effort, the instrument could
be used to identify areas for targeted growth in understanding of NGSS concepts.
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Introduction

The Next Generation Science Standards: For States, By States (NGSS) were published in
2013 marking the completion of multi-year effort in reforming policy for the future of science
education. Now, the task of NGSS implementation has been left to educators, curriculum leaders,
school districts, professional developers, and teacher preparation programs. As states adopt and
consider adopting the NGSS in the coming years, critical questions must be answered. Will
educators be ready to implement the new standards? How will we know when teachers are
successful in creating science education experiences that authentically align with NGSS
expectations?

While reforming science education has been attempted in a number of ways (i.e. teacher
education, curriculum materials, or science education literature), the hope that national standards
can promote change more effectively lies in the power of standards to facilitate change on a
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massive scale (Bybee, 2006). Yet, the National Research Council (NRC) (2007) considered the
results from the first round of science standards—the National Science Education Standards of
1996—unimpressive. Bybee (1993) warned of such disappointment, “The rhetoric and the reality
of reform do not conform. If we do not confront this issue, the contemporary reform will be
recorded only as one of reports and recommendations, with no response” (p. 170). Policy reforms
alone have little ultimate impact in the quality of science education. They are an essential element
but must be coupled with targeted, effective training so that teacher practice is best practice.

Adding to this particular challenge is the reality that transition to the NGSS framework will
require a paradigm shift for most teachers (NRC, 2012). It is expected that the amount of
professional development (PD) needed to facilitate the change will be extensive (Wilson, 2013).
Therefore, accurate planning in PD efforts will be critical. Research by van Driel, Beijaard &
Verloop (2001) suggests that past reform efforts have often been unsuccessful because of the
failure to take into account teachers’ existing knowledge, beliefs and attitudes. Therefore, effective
PD within the context of the NGSS will require an assessment of current teacher understanding of
the NGSS framework.

The purpose of this study was to identify key constructs of the NGSS framework and
develop an instrument, the New Framework of Science Education Survey of Teacher
Understanding (NFSE-STU), to measure inservice elementary teachers’ perceived understanding
of that framework. Two questions guided the research: (1) What constructs define the NGSS
framework? (2) What are the underlying dimensions of NFSE-STU items written to perceptually
assess elementary teachers’ understanding of the NGSS framework? A validated instrument
measuring inservice elementary teachers’ perceived understanding would benefit a number of
stakeholders by helping to identify teachers’ needs in a successful transition to the NGSS.

Literature Review

A New Framework for Science Education

The NGSS represent much more than an updated and repackaged set of science standards.
They are the product of a paradigm shift and have been established upon the scaffolding of a new
framework having three distinct but integrated structural dimensions: Scientific and Engineering
Practices, Crosscutting Concepts, and Disciplinary Core ldeas (NRC, 2012). These three
dimensions served as the backbone for the NRC’s (2012) critical report, A Framework for K-12
Science Education: Practices, Crosscutting Concepts, and Core Ideas. The NGSS Lead States
(2013) worked with fidelity from the framework document so that each of the guiding principles
and structural components were evident throughout the NGSS both in content and design.

The three dimensions, which characterize the new framework, have value in and of
themselves. The Scientific and Engineering Practices replace and enhance the previous view of
scientific inquiry. The term, “practices,” enriches our understanding of the learning process for
both scientists and students because seeing “science as practice involves doing something and
learning something in such a way that the doing and the learning cannot really be separated”
(Michaels, Shouse, & Schweingruber, 2008, p. 34). The Crosscutting Concepts are themes that
bridge the disciplines and possess value in explaining diverse content (NRC, 2012). Since they
represent large complex ideas themselves, students must be provided opportunities to learn about
the concepts before it is reasonable that they could apply them as a “bridging” tool (Pratt, 2014).
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The Disciplinary Core Ideas of the NGSS framework drastically cut the volume of content for
students to learn—trading breadth for depth (NRC, 2012). These core ideas become mental
structures upon which students can build increasingly complex ideas (Michaels et al., 2008; NRC,
2007) and push student understanding beyond factual knowledge and memorization of terms to
more conceptual questions of how and why (Pruitt, 2014).

The three dimensions individually share similarities to previous standards; however, the
integration of these dimensions in the NGSS framework represents an epistemological shift
(Krajcik, Codere, Dahsah, Bayer, & Mun, 2014) leading the NRC (2014) to coin the phrase “three-
dimensional learning.” This integrative perspective is critical to the NGSS framework (NGSS Lead
States, 2013). In fact, the integration of the dimensions is the feature they chose as the face of the
standards (see Figure 1). While it has long been understood that content learning is enhanced by
engaging in inquiry (Krajcik et al., 2014), recent research has begun to demonstrate the importance
of the other direction. Content, it appears, is equally important in students’ learning about the
practices of science (NRC, 2007, 2012). Because the crosscutting concepts naturally apply across
the disciplines, they bring a level of coherence to content (NGSS Lead States, 2013) further
supporting student learning (Pratt, 2014). For these reasons, the NRC (2012) called for the three
dimensions to be “woven together in standards, curricula, instruction, and assessments” (pp. 29-
30). The NGSS Lead States (2013) responded to this expectation by crafting Performance
Expectations (PEs) comprised of elements from each of the three dimensions. With the PEs
requiring students to demonstrate mastery of content, practices, and concepts in an integrated
fashion, success can only be expected if teachers are ready to teach for three-dimensional learning.
Effective professional development (PD) will be critical in preparing teachers for the paradigm
shift.

Conceptual Framework

The NGSS framework naturally served as the conceptual framework guiding the theoretical
foundation of this study. This framework evolved over a ten year period as public school teachers,
teacher educators, scientists and other stakeholders from the science education community
discussed the important overarching concepts that are essential for next generation science
education (NRC, 2012). Figure 1 depicts the relationship between the NGSS framework and the
development of an instrument designed to assess elementary teachers’ perceived understanding of
the framework’s vision of three-dimensional learning. It is critical that elementary teachers’
understand how these dimensions interact if they are to teach science lessons that meet the
expectations of the NGSS framework, but this integration is probably the most challenging shift
presented by the NGSS (Bybee, 2014).

The initial effort made by this study to develop an instrument specifically designed to
assess elementary teachers’ perceived understanding of the NGSS framework has important
implications for PD. Identifying areas of greater need could inform planning and increase positive
impacts (Guskey, 2000). This is critical considering the role PD plays in successful reforms in
science education (Wilson, 2013).

Electronic Journal of Science Education ejse.southwestern.edu



Nollmeyer, Bangert 23

NFSE: STU: operationalizing
elementary teachers’ understand-
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Figure 1. The conceptual framework for the NGSS from the (NGSS Lead States,
2016) and how our scale development process flowed from it.

*The NGSS logo is a trademark of Achieve. Neither Achieve nor the lead states and
partners that developed the Next Generation Science Standards were inolved in the
production of this product, and do not endorse it.

Professional Development

Standards by themselves do little to change the education children receive; however, they
can provide the impetus for improvements (NRC, 2012) because they call for fundamental change
on a massive scale (Bybee, 2006). While the entire educational system must be saturated with the
NGSS framework for successful reform (NRC, 2012), ultimately, the task of implementing the
vision lies in the hands of teachers (Garet, Porter, Desimone, Birman, & Yoon, 2001). Yet, history
has shown that expecting educational reform at the policy level to simply work itself out in the
classroom is shortsighted (Bybee, 1993; NRC, 2007). Without intervention, teachers tend to
employ “tried and true” methods which may or may not align with research (Pratt, 2002) and rarely
are effective in preparing 21% century citizens (Gulamhussein, 2013). In fact, research has
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documented a vast gap between current practice and the strategies promoted by the NGSS (Roth,
2014). Therefore, success in implementing the NGSS framework, as with all major educational
reform, will require extensive and effective PD (Birman, Desimone, Porter, & Garet, 2000;
Wilson, 2013).

Marked growth in teaching practice is associated with effective PD (Phillips, Desimone, &
Smith, 2011) because it is the avenue for strengthening both content and pedagogical knowledge
(Desimone, Porter, Garet, Yoon, & Birman, 2002; Whitworth & Chiu, 2015). Effective PD also
builds teacher capacity for developing higher order and critical thinking in students (Hochberg &
Desimone, 2010) which aligns with the NGSS framework’s goal to promote understanding over
knowing (NRC, 2012).

Historically, PD available to teachers has generally been of poor quality and has not always
resulted in effective training (Borko, 2004). Most trainings do not meet standards of high-quality
(Desimone et al., 2002), but rather, tend to emphasize surface level knowledge and present it
ineffectively anyway (Ball & Cohen, 1999). It is no wonder then that Wei et al. (2009) found that
only about half of teachers reported PD trainings as useful.

Effective PD efforts tend to be those of high-quality (Desimone et al., 2002). Fortunately,
solid research identifying keys for effective PD has been conducted during the last couple decades.
While a full review of these concepts is beyond the scope of this article, we would point interested
readers to the critical works by Garet et al. (2001; 2007), Guskey (2000), and Loucks-Horsley et
al. (2010). Yet, several characteristics of effective PD relate to the use of valid and reliable survey
instruments: the essential quality of coherence (Garet et al., 2001), the value in incremental change,
and the strategic use of needs assessments (Guskey, 2000).

While Garet et al. (2001) used the term coherence, the same idea was represented in
Loucks-Horsley et al.’s (2010) call for connecting PD to the broader educational system and
Guskey’s (2000) emphasis of both individual and organizational change. For science education,
Wilson (2013) pointed out the role local school policy plays in coherence. In their document about
implementing the NGSS, the NRC (2015) stated the need for coherence throughout the educational
system including in PD. Trainings that provide coherence for teachers are aligned with standards
and assessments (Birman et al.,, 2000; Garet et al., 2001), place an emphasis on prior
understandings (van Driel et al., 2001) so that they grow out of what teachers already know (Garet
etal., 2001), and match teachers’ goals for both their own and their students’ development (Penuel
et al., 2007). These elements of coherence enhance the role of the teacher which is relatively new
in PD for science educators (Nichols & Koballa, 2013). These changes bring welcome change as
researchers have determined science teacher knowledge is intertwined with teaching experiences
and contexts (Luft & Hewson, 2014; Nichols & Koballa, 2013). Requiring such an active and
personal role on the part of the teacher is now highly recommended for PD in science education
(Wilson, 2013).

The NRC (2015), recognizing the massive shift in teaching practices needed for successful
implementation of the NGSS, called for steady incremental changes. This recommendation aligns
with research on effective PD which suggests that small changes guided by a grand vision are most
manageable (Guskey, 2000). Targeting specific areas for improvement allow for the focus needed
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to produce effective change (Hochberg & Desimone, 2010) and build consistency among teachers
(Desimone et al., 2002). This is particularly useful in science education when “high-leverage”
practices are the ones targeted for PD (Roth, 2014). One way for such incremental changes to build
with coherence is through communities of practice (CoP) (Loughran, 2014). Instead of a short
inservice workshop approach to training, a CoP expects a long-term commitment and involvement
of members. This allows for evolution and growth based on needs and shared experiences (Shih-
Hsien, 2009). For science educators, incremental change using the CoP model has been
documented. For example, Akerson, Cullen, and Hanson (2009) found that the environment of
long-term participation naturally promoted growth and change.

Carefully crafted needs assessments are vital in planning for targeted PD (Guskey &
Sparks, 1991), but they must be meaningful and reliable for the results to truly be helpful (Guskey
& Yoon, 2009). Critically, survey instruments used to establish needs should focus on symptoms
or problem areas. This means that prompts should address actual strategies and practices instead
of proposing topics or activities for PD (Guskey, 2000).

The Role of a Tool for Measuring Perceived Understandings

While survey instruments have many limitations, they can provide speedy, cost-effective
information for developing PD learning goals (Desimone, 2011). The versatility of these
instruments in providing data before, during, or after trainings make them a very attractive option
(Guskey, 2000) and are used regularly—in concert with other tools—in science teacher PD (i. e.
Akerson et al., 2009; Lee & Maerten-Rivera, 2012; Pecore, Kirchgessner, & Carruth, 2013;
Phillips et al., 2011; Supovitz & Turner, 2000). Desimone (2011) suggests that many of the
complaints about self-reported survey instrument are mediated by using valid and reliable tools. A
validated instrument measuring elementary teachers’ perceived understanding of the NGSS
framework could assist in both planning and assessing effective PD. The use of survey instruments
and questionnaires, both validated and newly developed, is well documented in science education
PD (van Driel, Berry, & Meirink, 2014). Unfortunately, the instruments currently available
measure science inquiry through the lens of outdated policy (Hayes, Lee, DiStefano, O'Connor, &
Seitz, 2016). Our review found that the Hayes et al. instrument is currently the only other tool
validated for the NGSS. As their survey instrument was tested with 4" to 12" grade science
teachers, we propose that the NFSE-STU, designed for the K-5"" grade general classroom teacher,
fits a remaining need. Since the NFSE-STU was constructed based upon the NGSS framework, it
could help to identify gaps in elementary teachers’ understanding of NGSS concepts.

Methods

We followed procedures well-established in the literature for designing and refining
instruments, as well as, establishing validity and reliability. As suggested by the American
Educational Research Association (AERA) (2014), DeVellis (2012), and Netemeyer, Bearden, and
Sharma (2003), themes representing major NGSS constructs were established by a thorough
review of the literature. This review focused heavily on the NRC’s (2012) report, A Framework
for K-12 Science Education: Practices, Crosscutting Concepts, and Core Ideas. Other
foundational documents part of the new framework effort were included in the review: Ready, Set,
Science: Putting Research to Work in K-8 Science Classrooms (Michaels et al., 2008), How People
Learn: Brain, Mind, Experience, and School (NRC, 1999), Taking Science to School: Learning
and Teaching Science in Grades K-8 (NRC, 2007), and Next Generation Science Standards: For
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States, by States (NGSS Lead States, 2013). A pool of draft items, for the initial survey instrument,
were written to measure the NGSS constructs identified in the science education literature. These
draft items were reviewed by experts in the field who made suggestions for improving their
relevancy, clarity and conciseness (DeVellis, 2012). Revised items were further refined through
pilot testing. Then, the instrument was used in a validation study with data undergoing exploratory
analysis and confirmatory factor analysis, as well as internal consistency testing. From these
analyses, a final validated instrument was produced.

Designing the Instrument

Developing an instrument to measure elementary teachers’ perceptions of their
understanding of the NGSS framework required the identification of themes associated with the
successful implementation of that framework. These themes were identified through a review of
relevant literature. Careful consideration was given to the two key NRC (2012; 2007) reports
which served to lay the groundwork for the NGSS. These reports synthesize much of the science
literature informing to the NGSS framework. Through this process six common themes were
identified. (1) Science and Engineering Practices; (2) Crosscutting Concepts; (3) Disciplinary Core
Ideas; (4) Integration of the Three Dimensions; (5) Best Practices in Science Education; and (6)
Connections to Common Core. Table 1 shows deeper connections these six themes have to the
science education literature.

The first three themes came directly from the framework for the NGSS. The Science and
Engineering Practices replace the antiquated term, “inquiry.” However, they are more than that.
The Practices more accurately express what scientists actually do (Michaels et al., 2008). It is not
surprising then, that elements of the Practices are found in all four of the NRC’s (2007) strands of
scientific proficiency: know and interpret explanations, generate and evaluate evidence,
understand the nature of knowledge, and participate in practice. The Crosscutting Concepts act as
a bridge between the disciplines and have value in explaining phenomena across the disciplines.
Therefore, they act as mental frameworks for the organization of knowledge (NRC, 2012). Since
they transcend disciplinary bounds, they contribute heavily to the process of theory development
(American Association for the Advancement of Science, 1990). The Disciplinary Core Ideas
represent the science content in the NGSS. Identifying the science knowledge that was truly “core”
was essential since the need to trim the amount of standards has been well documented (i.e. Bybee,
2006; Coleman & Zimba, 2008; NRC, 2007; Sneider & Workosky, 2009). This process resulted
in reducing the sheer amount of content by about 40% (NRC, 2012).

The last three identified themes reflect other elements of the NGSS framework critical for
successful implementation. The Integration of the Three Dimensions (Science and Engineering
Practices, Crosscutting Concepts, and Disciplinary Core Ideas) is an essential part of aligning
instruction to the NGSS. The NRC (2012) referred to this task of weaving together all three
dimensions as a major challenge confronting curriculum developers. Yet that is what they must do
since the Performance Expectations crafted by the NGSS Lead States (2013), which will be used
to measure student understanding, are integrated. Each Performance Expectation includes
elements of the Practices, the Concepts, and the Core Ideas. The integration of the Dimensions is
so crucial, that the NRC (NRC, 2015) have since coined the phrase, “Three-Dimensional
Learning” to describe the expectation. The fifth theme identified in the review, Best Practices in
Science Education, considers how the science of learning is seen in the NGSS framework. This
includes teaching to develop deep understandings (NRC, 1999), ensuring that students are actively
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involved in the practices and discourse of science (NRC, 2007), and using a variety of both student-
directed and teacher-directed strategies (NRC, 2012). The final theme for the NGSS framework
was Connections to Common Core. The Science and Engineering Practices found in the NGSS
require the seamless integration of the skill disciplines. Students are expected to use mathematics
and computational thinking as they create, organize, and interpret data. In order to engage in
argument or simply communicate findings, students’ speaking and writing skills need to be fully
developed (NRC, 2012).

Table 1. Aligning Six Identified Themes to Literature

Themes Literature Sources

Science and Engineering Practices (Collins, Brown, & Newman, 1989)
(Crawford, Krajcik, & Marx, 1999)
(Metz, 2004)
(Michaels et al., 2008)
(Nersessian, 2005)

Crosscutting Concepts (American Association for the Advancement of
Science, 1990)
(College Board, 2009)
(National Research Council, 1996)

Disciplinary Core Ideas (Bybee, 2006)
(NRC, 1999)
(Smith, Wiser, Anderson, & Krajcik, 2006)

Integration of the Three Dimensions  (Krajcik et al., 2014)
(Metz, 2004)
(NGSS Lead States, 2013)
(NGSS Lead States, 2016)
(NRC, 2015)

Best Practices in Science Education ~ (Akerson & Donnelly, 2010)
(Archer et al., 2010)
(McNeill & Krajcik, 2008)
(Varelas et al., 2008)

Connections to Common Core (NGSS Lead States, 2013)
(National Governors Association Center for Best
Practices, 2010)
(NRC, 2007)

These themes were used to guide the development of draft items for operationalizing
elementary teachers’ perceptual understanding of the framework. Multiple draft items were written
for each of the six identified themes. This redundancy is an important element in the creation of
an item pool as it allows the researcher to explore the endless aspects of the NGSS constructs
represented by each theme (DeVellis, 2012) and select the best items from the pool (AERA, 2014).
Each item addressed either a decision or a behavior made by educators (Alreck & Settle, 2004)
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and began with the phrase, “When planning and teaching, educators . . . .” This wording was
intended to emphasize the decisions and behaviors of educators who teach from the NGSS
framework with mastery. Instead of asking the participants to compare their own practice to this
standard, they were asked to rate their understanding for implementing the idea.

NFSE-STU Development

The draft items were reviewed by a group of five expert panelists. Several factors were
considered in identifying these experts. Two key characteristics needed to be true for all panelists.
First, they needed to possess a high level of expertise in the new NGSS framework as presented in
the NRC’s (2012) report. Second, experts needed to have a rich background in science education.
After satisfying the initial requirements, diversity in the panel was considered. It was advantageous
to have varying perspectives on elementary science instruction as well as varying perspectives on
the framework. The following characteristics were considered: regional and national experience,
elementary and secondary science instruction, involvement in professional development and
higher education, and involvement in regional or national organizations. The five experts invited
to participate brought rich diversity to the panel and provided a comprehensive perspective. These
experts were asked to review and rate items by: (1) evaluating the relevance of the items to
constructs, (2) determining the items’ clarity and conciseness, and (3) identifying missing aspects
of constructs (DeVellis, 2012). The expert review process provided evidence for modifications,
eliminations, and additions to the item pool, and from it the pilot draft of the instrument was
established.

Following expert review, further item revisions were made by piloting the instrument with
thirteen K-12 science teachers. These educators completed the survey instrument online in the
same manner as the validation study participants. However, at the end of each section, they were
asked to provide feedback regarding the relevancy, clarity, and conciseness of the draft items.

Participants

Upon completion of pilot testing, final instrument edits were made prior to online
distribution to elementary teachers via SurveyGizmo (2014). The neighboring states of Montana,
Wyoming, Utah, and Idaho (located in the Northwestern part of the United States) were invited to
participate in the study. While all regional states were considered, these four were identified based
on similarities in political push-back to the NGSS adoption. Three states had officially put NGSS
adoption plans on hold, but all were continuing to conduct PD in preparation for future
consideration of the standards.

Email lists for contacting elementary teachers in each of these states were not available;
therefore, it was necessary to solicit the help of state-level policy makers to distribute the survey
instrument link to elementary teachers in their respective states. Thus, our sample is a convenience
sample and not intended to represent the demographic characteristics of the teachers in these states.
As with any instrument development research, new instruments need to undergo thorough testing
with other multiple groups to collect validity evidence for their interpretation and utility (AERA,
2014). This research provides the first evidence for the instrument.

Validating the Instrument
Exploratory analysis with principal components analysis (PCA) and confirmatory factor
analysis (CFA) were used to verify the underlying constructs of items written to measure
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elementary teachers’ perceptual understanding of the NGSS framework. PCA was used to
determine if items formed factors written to assess the constructs identified by themes from the
science education literature, and CFA was used to establish the goodness of model fit for the
hypothesized factor model produced by the exploratory analysis (Netemeyer et al., 2003).
Cronbach’s coefficient alpha (1951) was calculated as a measure of the internal consistency
reliability of the instrument (DeVellis, 2012).

Results

Descriptive Statistics

Table 2 displays demographic characteristics of the educators who participated in the
validation study. More than half of the participants were currently teaching in Utah, about one-
fourth in Montana, and slightly less than that in Idaho. Very few K-5 teachers from Wyoming
participated in the study. While most teachers (61%) reported teaching less than four hours of
science a week, 92% reported fair or strong enjoyment of the science content taught. These positive
perceptions help to explain why nearly 75% of the teachers surveyed felt successful in their science
teaching efforts. The majority of teachers (84%) felt they had a fair to strong understanding of
current best practices for teaching elementary science concepts.

Table 2. Demographic Characteristics of Validation Study Participants, N = 167

n Percent

Current State

Montana 38 23

Idaho 25 15

Utah 100 60

Wyoming 4 2
Years of K-5 teaching experience

0 -5 years 60 36

6 — 10 years 37 22

11 - 15 years 23 14

16 — 20 years 18 11

20+ years 29 17
Hours of science instruction each week

Not reporting 3 2

0 — 3 hours 101 61

4 — 6 hours 44 26

7+ hours 19 11
Rate your enjoyment of teaching science

Not reporting 2 1

No Enjoyment 1 0

Slight Enjoyment 11 7

Fair Enjoyment 56 34

Strong Enjoyment

97 58
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Table 2 (continued)

Rate your success in teaching science

Not reporting 4 2
No Success 4 2
Slight Success 20 12
Fair Success 90 54
Strong Success 49 30
Rate your District’s Commitment to Science Education
Not reporting 1 0
No Commitment 5 3
Slight Commitment 38 23
Fair Commitment 85 51
Strong Commitment 38 23
Rate your Familiarity with the Current Best Practices in Science Education
Not reporting 1 0
No Familiarity 8 4
Slight Familiarity 47 28
Fair Familiarity 79 47
Strong Familiarity 35 21
Involvement in Science Education
Membership in State Science Organizations 20 12
Membership  in National  Science
Organizations 24 14
Inservice Science PD 123 74

Descriptive analysis was conducted to determine the normality of the survey instrument
data prior to the exploratory PCA. Means and standard deviations for each instrument item are
presented in Table 3. West, Finch, and Curran (1995) recommend that values for skewedness
should be less than 2 while kurtosis values should be less than 7 when attempting exploratory
analysis. The skewedness and kurtosis for each item was calculated. Most were found to be well
under the suggested thresholds (West et al., 1995). While four individual items were skewed
beyond the threshold, no items departed from normal “peakness.” And the symmetry of the whole
construct (skew = .061, SE = .188) and “peakness” (kurtosis = -.185, SE = .374) did not depart
significantly from normality (W =.992, p = .521).

Exploratory Analysis

One hundred and sixty seven participants completed the New Framework of Science
Education Survey of Teacher Understanding (NFSE-STU) survey instrument and were randomly
split into two groups. The first group was used to conduct the exploratory PCA, and the second
group was used for the CFA (Schumaker & Lomax, 2010). The sample size for both groups,
although somewhat small, was found to be adequate according to guidelines proposed by
MacCallum, Widaman, Zhang & Hong (1999). Their research indicates that the magnitude of the
item communalities yielded by the factor analysis is more important than ratios of participants in
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determining convergence and stability of the factor solution. According to results from MacCallum
et al’s (1999) research, stable recovery of factors is likely to occur with sample sizes as low as 60
when items’ communalities are above .500. The communalities for all items in this analysis were
greater than .600.

As recommended for scale development, exploratory analysis procedures using PCA were
conducted with the first random subsample (n = 83) of inservice teacher responses. The resulting
correlation matrix was evaluated for multicollinearity, and items exhibiting extremely high
correlations were removed. Items 4, 8, 16, and 36 were removed as they correlated with at least
one other item higher than the suggest threshold of .80 (Field, 2013). With these items removed,
the factorability of the correlation matrix, Kaiser-Meyer-Olkin Measure of Sampling Adequacy
and Bartlett’s Test of Sphericity indicated that the data were appropriate for the analysis to proceed.

The clearest and most interpretable factor model emerged using maximum likelihood
extraction and the VVarimax rotation methods. A five-factor solution was determined using the best
known procedure, the Kaiser criterion based on eigenvalues higher than 1.00 (Fabrigar, Wegener,
MacCallum, & Strahan, 1999) and was verified using the Scree Test as recommended by Cattell
(1966). The rotated solution shown in Table 3, presented interpretable factors: Science &
Engineering Practices (SEP), Teaching Disciplinary Core Ideas (TDCI), Crosscutting Concepts
(CC), Integration of the Three Dimensions (ITD), and Best Practices in Science Education (BPSE).
These five factors contributed to explain over 74% of the total item variance. The first factor was
responsible for contributing to over 54% of the variance. The second factor contributed to almost
8%, the third factor over 5%, the fourth factor over 3% and the fifth factor almost 3% of the total
item variance. Cronbach’s Coefficient Alpha reliability coefficients are reported in Table 3 for the
entire (NFSE-STU) scale and for each of its five factors. The internal consistency reliabilities for
all five factors are well above the recommended minimum coefficient of .70 (DeVellis, 2012;
Netemeyer et al., 2003).
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Table 3. Rotated Factor Structure for the NFSE-STU

Factor 1  Factor 2 Factor 3 Factor4 Factor5 Mean SD
Science & Engineering Practices (SEP)
SEPl_. When plannlng anpl teaching, educators _have ;tudents ask 705 049 220 359 -014 314 118
questions to define engineering problems that can drive design.
SEP2_. When pIa_nnmg and teaching, educatc_nrs have s_tudents ask 247 190 170 302 026 3.96 110
questions about scientific phenomena that can drive exploration.
SEP3. When planning and teaching, educators have students develop and
refine conceptual models to express their understanding about scientific .728 193 .305 194 -.001 3.33 1.23
phenomena.
SEP4. Whe.n planning and teaching, educatO(s ha\_/e students design and 708 043 353 978 977 3.09 115
refine solutions that meet the needs of an engineering problem.
SEP5. When planning and teaching, educators have students develop 705 190 249 156 208 339 1.26

models to visualize and refine an engineered design.

SEP6. When planning and teaching, educators have students plan and
carry out investigations to gather data about scientific phenomena and .719 484 257 -112 102 4.07 1.18
engineering problems.

SEP7. When planning and teaching, educators have students
communicate ideas clearly and persuasively through words, images, and  .670 489 142 .027 .268 4.06 1.05
other media.

SEP8. When planning and teaching, educators have students construct
evidence-based explanations to describe phenomena that incorporate their  .688 .350 406 .156 .064 3.83 1.21
understandings about science.

SEP9. When planning and teaching, educators have students participate

in practices used by scientists and engineers in the real world. 655 257 229 213 084 3.82 1.08

SEP10. When planning and teaching, educators have students use
mathematical thinking and computational skills to investigate scientific .622 275 293 .164 .267 3.67 1.11
questions and engineering problems.
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Table 3 (continued)

SEP11. When planning and teaching, educators have students engage in
evidence-based argumentation about scientific explanations or an .600 295 484 .036 244 3.50 1.22
engineering designs.

Teaching Disciplinary Core ldeas (TDCI)

TDCI1. When planning and teaching, educators use a learning
progression approach by building from prior knowledge and working 1 71 796 118 250 270 4.44 1.02
towards future sophistication. ' ' ' ' ' ' '

TDCI2. When planning and teaching, educators recognize that the
construction of knowledge requires active participation on the part of the .217 .769 .002 .099 332 4.84 0,89
students.

TDCI3. When planning and teaching, educators recognize that the
development of student understanding of disciplinary core ideas is a 215

progression that takes place over years. 137 156 251 291 4.50 100

TDCI4. When planning and teaching, educators focus on a few core ideas
instead of a large number of topics so that students can achieve greater .316 .730 281 232 .020 4.40 0.99
depth in their understanding.

TDCI5. When planning and teaching, educators include core ideas that

are important in investigating more complex ideas and solving problems. 267 691 353 249 125 3.98 1.04

TDCI6. When planning and teaching, educators include core ideas that

relate to the interests and life experiences of students or societal concerns. 284 654 200 429 204 4.2 1.02

TDCI7. When planning and teaching, educators include core ideas that
have broad importance across multiple disciplines or are key organizing .346 .606 .257 416 .069 4.14 1.04
principles within a discipline.

Crosscutting Concepts (CC)

CC1. When planning and teaching, educators have students investigate

phenomena in terms of structure and function as a means of sense making. 257 154 192 202 201 3.06 1.29
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Table 3 (continued)

CC2. When planning and teaching, educators have students develop an

understanding that phenomena work differently at different scales. 305 149 743 243 127 3.19 121

CC3. When planning and teaching, educators have students use systems

thinking when investigating scientific phenomena. 333 017 122 102 201 2.94 121

CC4. When planning and teaching, educators have students consider that
since energy and matter are conserved, much can be determined by 305 124 698 333 -016 3.14 1.27
studying their flow into and out of systems.

CC5. When planning and teaching, educators have students identify what
aspects of a system remain stable over time and what aspects undergo .290 321 .692 .096 172 3.35 1.22
patterns of change.

CC6. When planning and teaching, educators have students consider
issues of cause and effect when questioning and discussing scientific .385 .363 .614 151 175 4.07 1.00
phenomena or engineering designs.

Integration of the Three Dimensions (ITD)

ITD1. When planning and teaching, educators have students use the
crosscutting concepts when engaging in practices about disciplinary core

ideas .298 281 .238 723 187 3.28 1.26

ITD2. When planning and teaching, educators have students explore
disciplinary |dea§ by engaging in practices and making connections 216 304 249 656 308 357 126
through crosscutting concepts.

ITD3. When planning and teaching, educators intentionally select
practices and concepts that best facilitate student sense making for .206 .353 .338 .585 271 3.90 1.13
particular core ideas.
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Table 3 (continued)
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Best Practices in Science Education (BPSE)

BPSE1. When planning and teaching, educators teach students how to
present their scientific ideas and engineering solutions with clarity
through both the written and spoken word.

BPSE2. When planning and teaching, educators teach students how
mathematical concepts and skills apply to scientific investigations and
engineering design.

BPSE3. When planning and teaching, educators use both teacher-led and
student-led strategies to facilitate student understanding of science and
engineering content.

BPSE4. When planning and teaching, educators have students engage in
sustained investigations accompanied by necessary teacher support.

128

128

224

294

.358

.269

456

.300

.282

458

.078

218

162

245

.386

.450

.706

.626

577

571

4.16

3.83

4.49

4.33

1.03

1.13

1.00

1.09

Coefficient Alpha by Factor

.952

942

915

.883

876
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Confirmatory Factor Analysis

Following the exploratory analysis, Confirmatory Factor Analysis (CFA) was conducted
using Lisrel 9.3 (Joreskog & Sorbom, 2017) with the second random subsample (n = 84). The
purpose of conducting a CFA is to test the model fit of a proposed factor model against a
hypothesized population model (Bryne, 2009). Results from the CFA indicated that the
independence model (which tests the hypothesis that all variables are uncorrelated) could be
rejected in favor of the five-factor model that was developed from the exploratory analysis. Figure
2 displays this model.

Figure 2. NFSE-STU Measurement Model

Electronic Journal of Science Education ejse.southwestern.edu



Nollmeyer, Bangert 37

The five-factor model produced a Root Mean Square Error of Approximation (RMSEA)
of .070. The 90% confidence interval (.057 - .083) surrounding the RMSEA result provides
supporting evidence that the proposed model is a fair fit to the estimated population. The accuracy
of this fit is strengthened by a Comparative Fit Index (CFA) of .98 and a Non Normed Fit Index
(NNFI) of .98—both well above the suggested threshold. RMSEAs less than .05 are a close fit and
those between .05 and .08 are considered a fair fit (MacCallum, Browne, & Sugawara, 1996). A
good model fit also has CFI and NNFI values above .90 (Browne & Cudeck, 1993). The power of
this model fit based on 419 degrees of freedom and the noncentrality parameter of 149 was
determined to exceed .90 when consulting published tables (Kim, 2005).

Discussion

The five-factor model identified through exploratory PCA revealed that the underlying
dimensions of the NFSE-STU items were very similar to the six themes used in creating the survey
instrument. This five-factor model, consisting of 31 items, was further validated through CFA.
Table 4 displays the themes and survey instrument items alongside items retained in the
exploratory analysis. Four of the factors were nearly identical and the fifth was an explainable
combination of two original themes.

The first factor included all items written for the original theme. It was given the title,
Science & Engineering Practices (SEP), since these items describe classrooms where students
engage in inquiry skills and processes shared by real scientists and engineers. Educators teaching
with this factor in mind regularly have students plan and conduct investigations to answer
questions with evidence.

The second factor also loaded each item written for the original theme; therefore, it was
given the same title, Crosscutting Concepts (CC). The concepts presented in these items are the
critical concepts found across the disciplines of science (NRC, 2012). Teachers who include these
concepts in science classes would have students explore their world through conceptual lenses.
For example, they would be looking for patterns, identifying cause and effect relationships in
phenomena, and applying systems thinking to investigations.

The third factor was mostly comprised of items from the original theme, Disciplinary Core
Ideas. These items present the NRC’s (2012) vision of the criteria involved in identifying scientific
ideas that are indeed “core” and should be part of a science education. The prompts describe
science classes that focus on a few big ideas rather than covering large amounts of content. In
addition these prompts identify the use of learning progressions and the reality that understanding
develops over time (NRC, 1999). Curriculum in these classes address big ideas that cut across
disciplines, are useful in solving complex problems, and relate to life experience. Such classrooms
will also be engaging places since understanding core ideas requires experiences with the practices
(Michaels et al., 2008). Interestingly, one item from the Best Practices in Science Education theme
loaded with these items, it appears that the participating teachers considered core ideas in terms of
their teaching practice. This is encouraging as it aligns with foundational literature for the new
framework, “Students learn science by actively engaging in the practices of sciences . ..” (NRC,
2007, p. 251); therefore, the word “teaching” was added to the original title, Teaching Disciplinary
Core Ideas (TDCI).

Electronic Journal of Science Education ejse.southwestern.edu



Measuring elementary teachers’ understanding of the NGSS framework 38

The fourth factor loaded with the same items drafted for the original theme and was so
named, Integration of the Three Dimensions (ITD). The first three factors represent each
dimension found in the NGSS framework. But, the vision for the future of science education is
that these dimensions would be integrated. So critical was this idea that the NRC (2014) described
best practice in science education as “three-dimensional learning.” The prompts for this factor
describe classrooms where such integration is promoted.

Table 4. Comparing Understanding Scale Development with the Factor Model

Instrument
Themes Items PCA Loadings Factor Name
Science & Engineering a Science & Engineering
Practices 1-14 1-14 Practices
Crosscutting Concepts 15-22 15 — 22°P Crosscutting Concepts
Disciplinary Core Ideas .  Teaching Disciplinary
23-29 23 —29,35 Core Ideas
Integration of the Three d Integration of the Three
Dimensions 30-34 30 —34 Dimensions
Best Practices in Science 35_ 38
Education 36 — 41° Best Practices in Science
Education

Connections to Common 39 — 41
Core

Note. The following items were removed due to multicollinearity or cross-loading:
a. Items 4, 8, and 13

b. Items 15 and 16

c. Item 29

d. Items 30 and 34

e. Items 36 and 41

The fifth and sixth themes used to develop the instrument, Best Practices in Science
Education and Connections to Common Core, loaded together during the exploratory analysis.
This was not surprising since the integration of subject areas promoted by Common Core State
Standards (National Governors Association Center for Best Practices, 2010) has long been held as
a best practice because it facilitates the constructivist principles of personal construction of
knowledge (Yager & Lutz, 1994). Integration also engenders motivation for learning (MacMath,
Roberts, Wallace, & Chi, 2010), creates meaningful learning experiences (Beane, 1991; Jacobs,
1989), and can result in higher student achievement (Hartzler, 2000; Romance & Vitale, 2001;
Vitale & Romance, 2012). The items written for the Common Core connections describe the need
for students to be reading, writing, and speaking about science as well as the importance of
mathematical application in scientific investigation and engineering design. Teachers viewed these
ideas about subject area integration as part of the other best practices. Therefore, the title for this
factor was kept as originally written, Best Practices in Science Education (BPSE).
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Limitations

All potential benefits and implications of this research must be tempered by the limitations
of the study. First, instrument validation is an ongoing process and not a one-time event (AERA,
2014). Psychometric studies generally provide outcomes that contribute to one or two sources of
validity evidence. Although, these studies may be narrow in scope, their results contribute to a
larger body of evidence used to establish validity arguments supporting or refuting the intended
interpretation and proposed use of test scores for a particular instrument (Bangert, 2009). Thus,
this research was the first attempt to assess elementary teachers’ self-reported understanding of the
NGSS framework and further research is needed to support its use as an instrument for assessing
PD needs. Although, our sample was limited to elementary teachers from the Western region of
the United States, we hypothesize that the outcomes from this study will generalize to other groups
of elementary teachers from other regions of the country. However, as with any new instrument,
research must be conducted with larger and more diverse samples of elementary teachers from
other regions of the United States to cross-validate the initial results from the NFSE-STU presented
in this study (AERA, 2014).

Conclusion

In order to teach from the NGSS framework, science educators will need to embrace a
paradigm shift (NRC, 2012) which, in turn, will require high-quality PD (Phillips et al., 2011).
The scale of the needed PD will be massive and constitute a major investment of both time and
resources (Wilson, 2013). Therefore, great intention is needed in approaching this effort, and a
valid instrument measuring teacher understandings of the framework could help address needs in
both planning and assessing effective PD.

We propose that the NFSE-STU could be useful in addressing three key characteristics of
effective PD. First, using a needs assessment in planning for PD is essential but only meaningful
with valid and reliable tools (Guskey & Sparks, 1991). For example, a professional developer or
curriculum director considering options for PD could use the NFSE-STU with elementary teachers
as part of the planning process. The resulting data would reveal perceptual gaps and areas of
weaker understanding. For preservice elementary teachers, science education faculty could
administer the instrument at the beginning of a methods course to shape topics to best fit student
needs. Employing the NFSE-STU in this way demonstrates an alignment with the second
characteristic of effective PD. High-quality PD is targeted (Hochberg & Desimone, 2010) so as to
produce incremental growth in teaching practice (NRC, 2015). Professional developers and
education faculty who use a validated instrument to identify areas of need, can then plan a step-
by-step approach that would be manageable yet guided by the larger vision of the NGSS
framework (Guskey, 2000).

The third and final characteristic for effective PD that the NFSE-STU could help address
is the necessity of coherence which has been identified by researchers as critical for effective PD
(Garet et al., 2001; Loucks-Horsley et al., 2010). Coherence in PD is achieved by connecting to
standards (Birman et al., 2000) and by working from what teachers already understand (Garet et
al., 2001). Using the NFSE-STU would help build coherence in both of these ways. It is specifically
built for assessing perceived understanding of national standards. These perceptions are personal
and would tell PD developers where teachers believe their understanding is stronger or weaker.
For science education specifically, Astor-Jack, McCallie, and Balcerzak (2007) emphasize the
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need for a coherent message surrounding PD in inquiry-based teaching because of its complex
history. Coherence in training, then, means presenting inquiry through application of the Science
and Engineering Practices (Michaels et al., 2008) and the vision of 3D learning (Krajcik et al.,
2014). Two constructs in the NFSE-STU (Science and Engineering Practices and Integration of the
Three Dimensions) measure teacher perceptions for this coherent view of inquiry.

Based on the results from this research, we suggest that the New Framework of Science
Education Survey of Teacher Understanding is an instrument that can assist professional
developers, curriculum directors, and others in planning and evaluating effective PD. As a self-
reported survey instrument, the NFSE-STU should be used in concert with other methods of
assessment. Yet, as a validated instrument measuring teacher understanding of the NGSS
framework, we argue that it is uniquely able to identify perceptual gaps in teachers’ conceptual
understanding, assist in planning targeted PD, and promote high-quality PD that coherently grows
teacher practice in the classroom.
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